This paper aims to identify and understand the challenges that may confront the scaling up of a proposed electric cooking concept (Batchelor 2013), eCook, which offers the potential for emission free cooking, with time/money savings and broader environmental benefits from reduced fuelwood/charcoal consumption. By drawing on the literature on the transition to electric cooking in locations such as South Africa and more broadly from that concerning the uptake of improved cookstoves, transitions to LPG (liquid petroleum gas) for cooking and the adoption of solar home systems in the Global South, this study identifies the factors (e.g. successful delivery models and marketing strategies) that have enabled these innovations to reach scale. This knowledge is then related to the eCook concept, by identifying the potential users of this promising technology and outlining potential marketing strategies, as well as a user-focused iterative design process, that will enable future social businesses established to bring the eCook concept to market to reach them. Uptake is predicted to be most rapid in hot climates where fuelwood/charcoal is purchased and low energy diets and low power cooking devices are the standard. Mobile enabled fee-for-service (utility) business models, the establishment of a service network, awareness raising campaigns on the benefits of clean cooking, female-focussed training programs and bundling eCook systems with locally appropriate appliances to enable productive activities are seen as key to reaching scale.
Introduction and research objectives
This paper is situated at the intersection between two major global challenges; the continued use of biomass for cooking amongst large swathes of the global population which is harmful to health and to the environment, and the challenge to extend modern energy access to all peoples (encapsulated within the seventh Sustainable Development Goal). The electric cooking concept put forward in this paper is based upon the premise that by 2020 the cost of using solar photovoltaic panels (or potentially the grid) to charge a battery, and then using the battery for cooking as and when required, is likely to be comparable to the monthly cost of cooking with charcoal and wood in most parts of the Global South (Batchelor 2013) . The use of electric cooking systems could meet the twin goals of both increasing access to modern energy services, and providing a means of truly clean cooking to households across the Global South.
In what follows, we explore the potential of a basic electric cooking concept, eCook, which consists of a simple battery and 500W electric hob (Batchelor 2015a) , towards meeting these twin goals. The battery storage enables households with unreliable electricity supplies to cook at a time that is convenient to them. The concept is not a specific product, more a potential future configuration of existing components and has initially been proposed in two forms: a) packaged with solar PV panels 1 in a similar format to the popular Solar Home Systems (SHS) and referred to here as PV-eCook; and b) packaged with a battery charger 2 for grid or mini-/micro-/nano-grid connections, referred to as BeCook.
Our particular focus concerns the social/behavioural implications that will need to be addressed in the development of this concept. This work was commissioned by the UK Department for International Development (DfID) alongside two other studies, which were undertaken in parallel, addressing specific aspects of the economic and technical feasibility of the eCook concept. The first study (Leach and Oduro 2015) modelled the economics of the proposition. They used existing evidence on the way households cook to establish two household cooking scenarios ('low cook' and 'high cook') representing the range of energy consumption patterns found within the cooking activities carried out within most households of four people. The affordability of eCook within these two scenarios was then modelled on the basis of evidence outlining the range of current costs for system components, and most importantly the range of predicted costs. Their model showed that the majority of upfront costs would be invested in the battery for the system.
As well as concerns over the cost of the battery, there were also questions about the durability and lifetime of currently available batteries. Accordingly, a second study was specifically commissioned on the technical capabilities of current (and near future) batteries within the context of the eCook proposition. This second study (Slade 2015) concluded that LiFePO4 batteries currently on the market should be viable for the proposition, although it also drew attention to the absence of independent data on battery performance in high temperature and high discharge conditions. Slade (2015) (Batchelor, 2015b:14) .
In order to benchmark the cost of the PV-eCook proposition, Leach and Oduro (2015) compare the outputs with equivalent energy consumption (and cost) data for cooking with charcoal or Liquid Petroleum Gas (LPG) for both 2015 and 2020. They created four generalised scenarios: a 'low cook' scenario with discount rates of 5% and 20%, and a 'high cook' scenario with the same discount rates. 'Low/high cook' accounts for the cultural differences in cooking practices that result in lower or higher energy and power requirements. Their calculations illustrate that, while today in 2015 the range of costs for the Solar Electric Cooking system is certainly higher than for most charcoal and LPG markets, by 2020 this is likely to change and the monthly cost of PV-eCook in some markets may well be of the same order as charcoal and LPG (see the predictions outlined for 2020 in Figure 1 : the range of costs in each bar on the figure are determined by taking an 'optimistic' model, which uses high efficiencies and low costs for each component, and a pessimistic model which uses the opposite -low efficiencies and high costs). (Leach and Oduro, 2015) .
Figure 1 -Predicted comparative cooking costs in 2020
Although the technical, social and economic dimensions are clearly intertwined, the rest of this paper is conducted on the assumption that the eCook concept will be both technically and economically feasible 3 and instead focuses on the social/behavioural implications that will need to be considered in its development by specifically addressing the following two research questions posed by DfID in the remit for their original study:
1 Our specific focus in the paper concerns the potential uptake of the eCook concept within the Sub-Saharan African (SSA) context although, where appropriate, we draw upon relevant examples from other parts of the Global South (and beyond) . In what follows we draw upon both the original report presented to DfID on behavioural change by Brown & Sumanik-Leary (2015) 4 and the synthesis of all three of the studies written by Batchelor (2015b) .
Methodology
The first part of the paper comprises a literature review focusing on four related energy transitions, with the aim of drawing out the key lessons learned and highlighting their relevance to the proposed eCook concept. These comprise: a. Electric cooking in South Africa, the only SSA country which has had considerable take-up of electric cooking to date. b. Improved cookstoves, which have been adopted to varying degrees across the Global South. c. LPG, which is comparable to electric cooking from an end-user perspective. d. Solar Home Systems (SHS), as the PV-eCook concept is fundamentally akin to a higher capacity SHS designed to replace solid fuel burning for cooking instead of kerosene/candles for lighting.
The second section draws on the first to make recommendations for how the eCook transition could be facilitated and contains two sub-sections: a. A very high-level market analysis using the findings from the literature review to identify the market segments most likely to embrace the proposed eCook concept. It begins by comparing eCook to other clean cooking technologies, before exploring how it might relate to existing energy access dynamics and socio-economic status, climatic conditions, national policy contexts, local cooking practices and other key factors. b. A discussion of alternative marketing strategies for eCook, which explores issues such as intrahousehold dynamics, community engagement, participation, household decision-making processes and a user-focussed, locally-framed design approach.
Finally, in the conclusion we draw together our thoughts on the potential developmental impact of eCook and outline some of the knowledge gaps that could be addressed by further programmes of detailed empirical research.
Results

Literature review
Electric Cooking in South Africa
South Africa is one of the few places in Africa where a significant number of people already cook using electricity (see Figure 2 , for other studies see Beute 2012; Dinkelman 2011; Howells et al. 2006; Republic of South Africa 2012) . A review of the literature on the use of electricity for cooking in South Africa reveals a number of drivers behind its growth, as well as a number of barriers to its further adoption. Positive drivers (Table One) supporting the transition to electric cooking in South Africa identified included: lower purchase prices for electric stoves than LPG stoves; the high fire risk of paraffin stoves in informal urban settlements (which led to the government favouring safer electric cooking in national policy) and the low unit cost which several studies demonstrate have made electricity significantly cheaper per meal than LPG, paraffin or ethanol gel. It should be noted also that even where electric cooking is prevalent fuel stacking 5 is common and that reliability of supply issues often translate into the strategic use of alternative fuels. (IEA 2014) Regarding barriers (Table 2) , it is interesting to note that despite the evidence on the relative cost of electric cooking indicated above, electricity has often been perceived as too expensive for cooking, even where it has been in fact competitive with alternative fuels. Consumers also frequently thought that the stoves were 'more expensive' than alternatives. The government's Free Basic Electricity programme, under which the first 50kWh/month is free for poor households, whilst not changing the situation overnight, appears to have helped change the perception of electricity costs to some degree amongst the poorer sectors.
Clearly, not everyone in South Africa uses electricity for cooking. Of those who have not taken up electricity, there is a context specific barrier -particularly relevant where collecting firewood is possible. Low income homes connected to the grid would still prefer to use firewood for cooking as it has no cash cost to the household. There are also areas of South Africa that remain unconnected to the grid -both rural and informal urban areas. However this situation is changing with the government increasing the number of relatively reliable grid connections, as national policy is focused on grid expansion. Finally there appear to have been two further factors identify that have mitigated against further transitions towards electric cooking in South Africa -the presence of poor quality equipment (hob) and the additional peak demand that electric cooking places on South Africa's already strained electricity infrastructure (leading to mixed messages from state agencies over the desirability of electric cooking). Increasing number of relatively reliable grid connections, due to national policy focus on grid expansion (Bekker et al. 2008 ; Republic of South Africa 2012) Poor quality equipment (hob). (Cowan 2008) Additional peak demand placed on South Africa's already strained generating capacity. (Howells et al. 2006) 
Improved Cookstoves
Considerable international effort has been exerted over recent decades in designing and distributing Improved CookStoves (ICS), with the aims of encouraging more efficient use of fuelwood/charcoal (reducing the pressure on local forestry resources and reducing the time spent collecting it) and reducing the damaging health impacts of high levels of indoor air pollution. The literature states three clear drivers behind this transition:
1. The first is the potential for local manufacture of stoves with its associate benefits: giving communities the opportunity to participate in the design and delivery of locally appropriate stoves; boosting the local economy; building capacity for after-sales service and creating local jobs (Pampallona & Bollini 2014) . It is worth noting, however, that there is also a counter narrative in the literature that suggests that even Improved Charcoal Cookstoves should be manufactured in factories where the quality of the stoves can be controlled since it is argued that locally produced stoves often are poor quality and do not actually perform as promoted (in terms of reducing carbon emissions and reducing air pollution).
2. The second driver is the growing international concern over the serious health and ecological problems caused by traditional cooking practices, particularly for women and children (Ray et al. 2014; Lewis & Pattanayak 2012) . ICS have been promoted as a solution to these challenges at a variety of scales (from international agencies such as the WHO to grass roots NGOs) using a variety of mechanisms (e.g. policy support for market systems, subsidies, awareness raising campaigns) due to their ability to improve indoor air quality, reduce the risk of burns within the household and reduce carbon emissions.
3. The third driver is the time taken to collect fuelwood (primarily in rural areas) and the cost of purchased fuelwood/charcoal which in many contexts is becoming increasingly significant (Ray et al. 2014; EEP 2013; Ghana Energy Commission 2014) .
While the second and third of these drivers are directly relevant to eCook, the first is only partially applicable. However since the ICS sector has been operating globally for more than three decades, there are also considerable insights into the barriers experienced, along with enablers of uptake that can overcome those barriers. Table 3 presents the key insights that we have drawn from this literature. • Upfront cost of the stove.
• Poorly designed subsidies undermining end-user ownership.
• Lack of capital for business growth.
• Firewood in rural areas usually collected for free.
Innovative financing mechanisms:
• Micro-credit.
• International carbon funding.
• Financing support for key sector actors and development of entrepreneurialism. Well-regulated market based approaches with effective social marketing strategies:
• Knowing the market.
• Matching message to contextspecific purchasing triggers & barriers.
• Getting the mix right.
• Surge of social marketing activities is required initially.
• Early adopters who may not be the poorest facilitate word of mouth dissemination in new places.
• Targeted awareness raising campaigns on benefits of ICS.
• Village leaders facilitating consensus in community decision making and promotion of the technology. • Evolution of designs and marketing strategies to match local cooking practices and locally available skills and materials.
• Development of effective after-sales service.
• Greater participation of women throughout the value chain, from product design to aftersales service.
• Locally appropriate marketing campaigns (see above).
( Ray et al. 2014; Pampallona & Bollini 2014) 3.1.3 Liquid Petroleum Gas (LPG)
LPG is comparable to electric cooking in terms of the end-user experience and is widely used as an equivalent to natural gas in Northern regions without a mains gas supply. As a result, this section presents the results of a review of the literature surrounding the transition to LPG in the Global South in order to offer a greater understanding of the factors that influence consumer choice when switching to a modern cooking fuel. Based on studies from low and middle income countries, it appears that a key driver for LPG programmes is the desire and aspiration for modernisation. Several studies suggest a strong link between electrification and uptake of modern fuels. As with ICS, key drivers include the increasing price of charcoal, and a desire for improvements in health from lower kitchen emissions. Interestingly, some local manufacture of LPG equipment is possible.
In terms of barriers to LPG uptake, the literature highlights the high relative cost levels of LPG (compared to biomass). Subsidies are often poorly targeted, tending to benefit the rich, well-educated urban elite or in some cases motor vehicle owners. There are also various weakness of supply issues. The supply of LPG is dependent on imports in countries without indigenous resources or the expertise to exploit them, and supply chain vulnerabilities can frequently create price volatility and even cut off supply. Governments have mitigated these barriers with clear marketing of health and other benefits; well-targeted subsidies, e.g. initial purchase costs (stove, cylinder, accessories) for low income rural households; and exploitation of national fossil fuel reserves where they exist or opening up markets to international suppliers and introducing effective price controls. Table 4 and Table 5 list the key drivers, barriers and enablers we have identified from the literature exploring the transition to LPG in the Global South.
Table 4 -The key drivers for the transition to LPG in the Global South.
Driver Sources Desire for modernisation -strong link between electrification and uptake of modern fuels.
Heltberg (2004)
Deforestation from excessive fuelwood collection leading to rising consumer prices of fuelwood/charcoal. Heltberg (2004) ; STEPs (2014); Nautiyal (2013) Health/safety: • Less dangerous than paraffin/kerosene.
• Reduce indoor air pollution.
Cowan (2008); Nautiyal (2013)
Potential for local manufacture of stoves, cylinders and even LPG itself if local gas reserves exist. 
STEPs (2014)
Solar Home Systems
Understanding the factors underlying the substantial growth in the use of Solar Home Systems (SHS) and smaller solar products for meeting lighting needs which has taken root to differing degrees across the Global South is also of particular relevance to exploring the factors affecting the potential uptake of a Solar Electric Cooking system concept; not least because the case for PV-eCook is fundamentally predicated on the potential market for a higher capacity SHS designed to replace solid fuel burning for cooking rather than replacing kerosene/candles for lighting. The key drivers and barriers to the growth of use in solar systems are presented in Tables 6 and 7 below. 
Recommendations for eCook
Over the preceding pages we have presented a review of experiences from a variety of transitions to cleaner cooking technologies and other energy services (SHS). In this next section we draw upon these experiences to reflect upon the possible intra and inter household dynamics among African households that may affect the uptake of the proposed eCook concept in order to identify key potential market segments and make recommendations for how the eCook concept might be taken forward in a way that makes transition more likely.
Market analysis
Both the economic modelling conducted by Leach and Oduro (Leach & Oduro 2015) and the data presented in this study have addressed alternative cooking fuels, and pointed out that households are likely to undertake different 'fuel stacking' strategies in different market segments depending on a wide range of factors. The affordability of a Solar Electric Cooking system will be only one factor. Its distribution network, the maintenance requirements, awareness of consumers, and the changing prices of alternative fuels all play a part (among others) on influencing the potential take up of the PV-eCook proposition.
Accordingly, here we attempt to build on the systematic review commissioned by DFID on the Factors influencing the large-scale uptake by households of cleaner and more efficient household energy technologies (Puzzolo et al. 2013) by situating the eCook concept alongside existing clean cooking technologies. Our analysis (summarised in Table 8 and outlined in more detail in Brown & Sumanik-Leary, 2015) suggests that PV-eCook is likely to sit alongside LPG as an aspirational cooking technology. Although we expect the cost to fall considerably over time, strong accompanying financing schemes will be needed to allow the user to repay the value of the system over time 6 . PV-eCook is likely to have broad geographical reach, arguably even broader than LPG, as it does not depend on the local availability of specific fuels or feedstocks. It clearly requires a good solar resource which in most parts of the Global South is high. As one might expect, each of the technologies has factors that might attract users and other factors that might turn away users. The conclusion is that there is no one size fits all, and that PV-eCook and B-eCook have characteristics that might make it the technology of choice in some circumstances. We now move on to provide a commentary on which potential market segments might be the most likely to adopt eCook in different settings. Firstly, the key criteria were drawn from the various literature reviews discussed above. This explored the interplay of existing energy access dynamics and socio-economic status in determining the most likely markets for eCook in some detail, as well as consideration of the potential influence of variation in climatic conditions, national policy frameworks and local cooking practices. The full analysis is presented by Brown & Sumanik-Leary (2015) , however, due to space restrictions, in this paper we limit ourselves to presenting just the key elements of our analysis, focusing most closely on the interplay between current cooking practices and current levels of electricity access (Table 9) .
We predict that uptake of the eCook concept will be most rapid in hot climates, where there is no need for heating from a traditional stove; contexts where fuelwood/charcoal is purchased and prices are increasing most rapidly; cultures where low energy diets (fewer meals that require lower thermal input during the cooking process per meal) and low power cooking devices are the standard; and in higher income, better educated, younger households.
Transition to PV-eCook is most likely to take place first in rural areas without potential for grid connection in the short-or medium-term, where SHS programmes have already reached scale in a sustainable manner, developing locally appropriate delivery models and paving the way for PV-eCook. Naturally, places with high solar resource throughout the year would be most favourable.
B-eCook is expected to spread most rapidly in urban settlements with unreliable grid or mini-grid connections in countries with a low unit cost for electricity. B-eCook is potentially a synergistic precursor to PV-eCook, as the urban market could be used to set up local service networks and create awareness before reaching out to the harder rural markets. Of course, the relative price points of other cooking fuels are also a critical factor, which vary both geographically and temporally.
Countries with strong policy support for electrification (and/or SHS for PV-eCook) are likely to provide more favourable enabling environments for eCook initiatives and the value that load balancing (and if appropriate, also peak load reduction) can offer to the national electricity generation network is expected to be crucial for obtaining high level support for B-eCook.
3.2.2
Marketing strategies
To ensure that appropriate after-sales service is available and feedback is collected from end users and delivered to relevant stakeholders, a suitable service network should already be in place when eCook is launched. Ideally this should be achieved by adapting existing networks, e.g. by strengthening the existing SHS infrastructure in rural areas to accommodate PV-eCook. In many contexts, training programmes may be most effective if focussed on women, as they are likely to be the primary beneficiaries and will therefore have the greatest motivation to see the technology succeed. Bundling eCook with locally appropriate appliances can maximise the value of the embedded electrical infrastructure offered to households. This is particularly important in cultural contexts where men make major household decisions, as it can offer an incentive both to purchase and keep up with repayments. Productive appliances that match with the availability of the solar resource, such as irrigation pumps, are particularly appropriate for PV-eCook in rural areas, where few opportunities for paid work that could take advantage of the time saved on food preparation and/or fuel collection exist.
Awareness raising campaigns on the benefits of clean cooking that are tailored to the local market (matching messages to context-specific purchasing triggers/barriers, brand awareness of locally available high quality and affordable products, credible partners and cost-effective campaign delivery mechanisms) should pave the way for eCook in new places by beginning with a surge of social marketing activities. However, in order to ensure maximum impact throughout society, longer term awareness raising campaigns should be targeted at older, less well educated and poorer households who are less likely to be amongst early adopters. Finally, in order to overcome the potential perception of PV as an inferior technology that communities can be 'locked-in' to, PVeCook should be designed to enable quick and easy conversion to B-eCook if/when the grid arrives.
It is perhaps interesting to note that these recommendations are common to many technologies and in particular to ICS. The peer reviewer of our original report for DFID noted that "I have seen this recommended so many times (and even The performance of a correctly sized PV-eCook will be important, and will need to match the cooking needs of the household.
Conclusion
This paper has considered the socio-cultural barriers and drivers to the proposed eCook concept. It draws on lessons learned from comparable technologies to illustrate the potential drivers, barriers, and challenges that await future attempts to scale up. It concludes that with a strategic market based approach focusing on the supporting infrastructure, there is a strong likelihood of take-up by specific market segments. In such a short paper we have not attempted to locate the market segments geographically, but have described their characteristics.
Potential development impact
The eCook concept offers significant potential for a transition towards emission free cooking, with time/money savings for adopters and broader environmental benefits from reductions in fuelwood collection/purchase of charcoal/wood. In contrast to other technologies such as solar cookers, where the adaptation of cooking practices has been a substantial barrier, the behaviour change required to use an electric hob is relatively minimal. The high upfront cost (and therefore longer investment horizon for poor households) is predicted to be the most significant barrier that will affect household uptake. As a result, a utility business model is seen as the most attractive for poor households, particularly if combined with mobile enabled payment mechanisms. Leach & Oduro (2015) illustrate that the total upfront costs are indeed of a similar order to those of existing grid and rural electrification programmes.
Recommendation for future research and application in practice
In brief, the three papers commissioned by DFID confirm that the eCook concept is worth further investigation. The proposition could be used to alleviate the impact of kitchen emissions on household health, and to contribute to Sustainable Development Goal 7 (ensure access to affordable, reliable, sustainable, modern energy for all). The papers recommend further research to be conducted now that will enable action once the price point is reach in or around 2020. Specifically, with respect to the behavioural change aspect, the following paragraphs describe the next steps required to develop this initiative during this period.
A global market assessment to identify actual places that most closely resemble the ideal context described above should be undertaken. In each high potential location, a more detailed local market assessment can determine how eCook should be delivered in order to achieve maximum impact for the poorest members of society. If the results of the local market assessment are favourable, a participatory process should ensue, whereby local people can determine how eCook can best evolve to meet their needs, engaging local leaders, particularly women, as champions. The potential for local manufacture should be given thorough consideration in each place, as supply chains, manufacturing capacities and enabling policies vary greatly.
There is no substitute for empirical data and as a result, field trials in locations identified above are the logical next step. eCook should be trialled in a significant number of households, collecting valuable data on actual energy consumption, consumer satisfaction and suggestions for further design modifications to both the generic and local variant of the concept. The dynamics of fuel stacking should be given particular attention, as understanding the degree to which any eCook device is able to replace pre-existing stoves will determine to what degree the benefits can be obtained.
Thinking more broadly, like all innovations, it will be important to share the idea and network with relevant international organisations. Agencies such as the World Health Organization which calls for clean cooking and solutions that make significant health improvements, could research further the proposition alongside those currently with a portfolio and mandate of cleaner cooking such as the Global Alliance for Clean Cookstoves (GACC). However, new alliances will also need to be made between those focused on cooking with those concerned with the wider agenda of SDG7 and the focus on modern energy provision, such as the SE4All alliance and USAID's Power Africa initiative. The UNESCO Chair and CODEV itself could play a facilitating role in brokering this emerging dialogue, bringing together its concern for health (e.g. the CURES research centre on Energy for Health Care in Cameroon) and its concern for sustainable energy in the context of socioeconomic development.
